Introduction
The shortage of skilled public health workers, especially epidemiologists, remains an important challenge for building effective public health systems in many developing countries (1) . Hence, the World Health Organization (WHO) has included health workforce as one of the key building blocks for strengthening health systems (2) . Yemen has been identified as one of 7 countries in the Eastern Mediterranean Region facing public health crises with an alarming shortage of curative and preventive health care workers (3). tainable capacity within the Ministry of Public Health and Population to detect, investigate and respond to outbreaks; analyse and evaluate disease surveillance systems; use population-based health data to estimate the burden of injuries and communicable and noncommunicable diseases; evaluate the impact of health-related interventions; and use data for policy-making and decision-making (8) . The programme will also support the Ministry of Public Health and Population in meeting the Global Health Security Agenda target of having one trained field epidemiologist per 200 000 population by 2025.
Training curriculum and schedule
The Y-FETP is housed in the Disease Surveillance and Control Directorate in the Curative Services and Primary Health Sector of the Ministry of Public Health and Population. The integration of Y-FETP into the ministry ensures that residents are equipped with the necessary skills to respond to Yemen's needs. The Y-FETP curriculum (8) was adapted from CDC's core FETP curriculum (7, 9) , which focuses on preparing residents with the necessary skills to address countries' acute health priorities. Residents spend at least 75% of their time in the field gaining hands-on experience (8) .
In the first year, Y-FETP residents have both didactic and field trainings; typically, they participate in multiple trainings sessions throughout the year. First, they participate in a 4-week introductory course covering the basic concepts of epidemiology, biostatistics, surveillance and outbreak investigation as well as training on EpiInfo software, focusing on designing questionnaires and entering and analysing data. Then, residents are hosted by surveillance programmes determined by the priorities of the Ministry of Public Health and Population, (Table  1 ) and the availability of applied learning opportunities and qualified site supervisors. Programmes' supervisors are Ministry of Public Health and Population staff with background in epidemiology/public health; they attend a workshop on the Y-FETP and supervision and mentorship skills before residents are placed in their programmes. They are also invited to attend trainings organized by Y-FETP e.g. EpiInfo statistical software, and outbreak investigation. Supervisors participate in quarterly mentors' workshops, and in co-authoring publications.
During the second year, residents participate in three didactic workshops focusing on advanced epidemiological methods, advance EpiInfo software, and protocol writing, and are placed at technical units in the governorates, national programmes and directorates. They analyse data to document burden of diseases and evaluate data collection systems to recommend appropriate actions for improvement (8) .
Residents are placed in programmes early so that they can immediately apply their newly acquired skills in responding to Yemen's public health priorities. During their training, Y-FETP residents conduct field activities relevant to their host programmes at national and regional levels, including outbreak investigations, campaigns and surveys (8) . They perform activities that provide direct service to the host programmes by completing the following required core competencies and deliverables for graduation (8) .
· Analyse surveillance data or programmes/directorates data to document the burden of disease and recommend appropriate actions in brief public health reports for policy-and decision-makers · Evaluate strengths and challenges of surveillance systems or programmes/directorates data systems and make appropriate recommendations.
· Design and implement epidemiological study on priority public health topics in the particular site, analyse data and draft a manuscript for publication. 
Major accomplishments
Since Y-FETP was established in 2011, 4 cohorts (n = 46) of residents joined the programme; 76% were from various governorates. Of 34 residents enrolled in the first three cohorts, 30 (88%) graduated; Most residents are physicians (68%), the others are health professionals (e.g. laboratory, pharmacy, nursing) who hold a master's degree or diploma after achieving a university first degree. One veterinarian was enrolled in the first cohort to support One Health.
The following four domains are supported by the Y-FETP.
· Improve surveillance systems
Although surveillance data are collected by numerous programmes, these data were not analysed, interpreted or disseminated in a timely manner to guide public health decision-making or action. Therefore, each Y-FETP resident is required to conduct an analysis and write a report of at least one surveillance system, using case-based or aggregate data, on a disease or an event. This is done in consultation with programme managers to ensure that the analysis focusses on priority issues. The Y-FETP technical staff participate in the meetings to identify the topic/question to be addressed for analysis, discuss the findings and assist the residents to develop appropriate recommendations. These efforts ensure scientific integrity and foster programme ownership and collaboration. To date, Y-FETP residents have completed 60 surveillance analyses (Table 2) . They also supported 9 less-established surveillance programmes (e.g. leishmaniasis, schistosomiasis) to improve the quality of the data by designing automated databases using EpiInfo for data entry and analysis (11) .
The surveillance system analyses provide an opportunity for the residents to identify potential challenges that are used to guide the evaluation aspects. Residents use the updated CDC Guidelines for Evaluating Public Health Surveillance Systems (12), completing 35 evaluations (Table 3 ). These evaluations ensure that gaps or challenges of public health importance are monitored efficiently and effectively. They focus on system performance to meet stated objectives, and involve assessment of the system attributes, including simplicity, flexibility, data quality, acceptability, sensitivity, positive predictive values, representativeness, timeliness and stability.
Since residents are placed in Ministry of Public Health and Population priority programmes, the recommendations based on the surveillance systems analyses and evaluations are taken seriously by the Ministry and the programmes. The results provide information that promotes the optimal use of health resources and ensure that the systems operate effectively. The recommendations provide practical guidance to ensure that the system is meeting its stated objectives and to improve quality and efficiency. Although, it may be too soon to show the impact of the surveillance analyses and evaluations, Y-FETP plans future qualitative and quantitative research to assess improvements in performance.
· Improve outbreak investigation and response
The Y-FETP residents and graduates actively participated in investigating and responding to more than 100 outbreaks such as cholera, dengue, rabies, Neisseria meningitis, measles, pertussis, hepatitis, food poisoning, etc. (Table 4) . Residents responded to suspected outbreaks early and used high standards during investigations; they also developed recommendations for rapid containment and prevention of future outbreaks. Moreover, they investigated and reported the first occurrence in Yemen of outbreaks of Chikungunya virus, West Nile virus, and Middle East respiratory syndrome coronavirus (MERS-CoV).
Residents are currently participating in the investigation of the "world's worst cholera outbreak" (27 April-10 December 2017), which has led to a cumulative total of 983 333 suspected cases and 2215 deaths (13) . The Ministry of Public Health and Population selected Y-FETP 3rd cohort residents as cholera control coordinators in the 10 districts with the highest caseload to provide technical guidance to the district Descriptive analysis for dengue fever and malaria in electronic disease early warning system, Yemen (2015 Yemen ( -2016 health teams, support microplanning and evaluate the cholera response activities (11, 14) .
· Conduct public health operations research on priority topics
Residents on the programme used sound epidemiologic methods to conduct studies that improve public health programme delivery; they worked closely with the Ministry of Public Health and Population to identify research priorities that highlight health system challenges and help to understand the health problems. Residents used descriptive and analytical designs to identify prevalence and risk factors for communicable and noncommunicable diseases and to investigate health service delivery problems (Table  5) . They implemented 30 studies, analysed and interpreted data, made recommendations and produced written reports.
· Disseminate and use public health information
The Y-FETP was designed to develop the foundation for using epidemiological data for decision-making and to disseminate findings and best practices. The programme conducted more than 30 dissemination workshops and meetings to share findings from the surveillance data analyses and evaluations. Furthermore, the programme conducted 9 dissemination workshops to share the findings from planned studies relevant to 
Challenges
As a new training programme in Yemen, Y-FETP faces several important challenges, of which the following three need to be addressed promptly in order to achieve the main objective, strengthening the national health system. · Low retention by health system · National and international migration of health professionals from the public health system has become a major concern which hinders improvement of the quality of the health system in Yemen (23) . According to the Y-FETP field-book (8), it is important that the Ministry of Public Health and Population has a clear career and committed path for all Y-FETP graduates.
It is envisaged that Y-FETP graduates would work as field epidemiologists in central directorates, epidemiologists or managers of national disease prevention and control programmes and in leadership positions requiring a high degree of analytic capability. Furthermore, graduates were required to commit to 4 years of service to the Ministry of Public Health and Population (8) . However, of the 21 Y-FETP graduates, only 28% are still working in the public health system. The rest are either working in Yemen with international organizations, e.g. WHO (43%), and national nongovernmental organizations (5%), outside Yemen as international consultants (19%) or doing postgraduate studies (14%). Departure of Y-FETP graduates from the public health system is usually for better salary or living conditions. Other factors include better working conditions, professional supervision and management, and greater access to education and training opportunities. Therefore, improving public health salaries and working conditions would be useful measures to improve retention. This issue is exacerbated by the war as opportunities for advancement at the Ministry of Public Health and Population have decreased. Nevertheless, it is important to note that 76% are still working in Yemen and 48% are filling positions that were normally filled by international staff. These graduates are better equipped to respond to the current crises in Yemen as they know the country well, are well connected with the communities and can reach difficult or inaccessible areas.
· Sustainability
· In addition to the current engagement of the residents by the Ministry of Public Health and Population, material and financial resources to support the Y-FETP programme are important indicators for sustainability (24) . However, there is limited material support by the Ministry of Public Health and Population (e.g. only office space), and the programme is totally financially dependent on donor support (e.g. TEPHINET, WHO, EMPHNET). Should donor support diminish, the absence of government financial support would have detrimental implications for the sustainability of programme.
· Political instability, war situation and insecurity
· The Y-FETP started in 2011, the same time as the uprising in Yemen, so it has never operated under normal circumstances. Only the first Y-FETP cohort graduated in 2014 before the current war that broke out in 2015. As result, after 2015, Y-FETP staff and trainees were unable to attend many relevant trainings and conferences outside Yemen due to visa challenges and difficulties in leaving and returning to the country. Therefore, since the conflict started, much of the training has been conducted in Yemen by Yemeni technical experts. Furthermore, due to insecurity, Unintentional injuries among grade 9-12 school students in Sana'a City, Yemen, 2012 Knowledge, attitudes and practices relating to cholera among residents of cholera prone and nonprone areas, Abyan, Yemen, 2014 Second Burden of road traffic injuries (RTIs) in Sana'a city, Yemen, 2015 5th EMPHNET Regional Conference, Marrakesh, Morocco, 6-8 December 2016
Risk factors for breast cancer in Hadramout Al Wadi, Yemen, 2011 Yemen, -2015 Impact of health education on knowledge, attitude and preventive practices among parents towards dengue fever at Gheel Bawazeer, Hadhramout, Yemen, 2016 Default risk factors of severe acute malnourished children from outpatient therapeutic centres, Sana'a City, Yemen, 2015 Risk factors of end-stage renal failure among haemodialysis patients in Algomhory Hospital, Sa'adah Governorate, Yemen, 2016 Occupational exposure to needle stick injuries and hepatitis B vaccination coverage among clinical laboratory staff, Sana'a City, Yemen, 2015 three residents from the 2nd cohort fled the capital and were not able to graduate on time. Nevertheless, two of them graduated with the 3rd cohort on 28 February 2018. The programme also managed to enrol the 4th cohort in October 2017.
· Additionally, the current war prevents experts from coming to Yemen for additional technical assistance; this has allowed Yemeni technical professionals to manage the programme.
Conclusion
The Y-FETP work-based training model proved to be an effective tool for strengthening the capacity of the Yemeni health workforce, especially epidemiologists. This is achieved through field experiences in various settings that were able to improve institutional capacity in a variety of public health areas. The programme focusses on surveillance systems, epidemiologic research, response and containment measures for outbreaks and using data for public health policy-and decision-making. It is providing a practical example of health systems strengthening through health workforce capacity development. The programme has been instrumental in supporting Yemen's health system through the war and the current crisis and emergency situations as the security situation deteriorated and access to outside experts became limited. Conclusions : Le Programme de formation à l'épidémiologie de terrain a permis de renforcer les capacités des personnels de santé au Yémen et a joué un rôle déterminant en tant que soutien au système national de santé, notamment pendant la guerre, la crise et l'urgence sanitaire actuelles, avec la dégradation de la situation de sécurité et la limitation de l'accès à des experts extérieurs. Ce programme représente un exemple concret de renforcement d'un système de santé grâce au développement des capacités des personnels dans ce secteur et il pourra être reproduit dans d'autres pays présentant des difficultés similaire sur le plan des capacités de leurs personnels de santé. 
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